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Abstract 

A poly (lactide) [PLA] chcrmoplasric polymer 
which is produced by polymerizing lacric acid 
(lacric acid is a ferrnencaxion product of corn 
dextrose) has been shown to be biodegradable 
by the man ufacruxer and was successfully melt 
blown on the 6-inch pilot line ax TANDEC A 
uniform melt blown web with good strength 
and hand was produced. Furthermore PLA was 
spunbond processed on the Reico61 1-meter 
wide line on an exploratory basis ac TANDEC 
and that also had good hand and mechanical 
properties. PLA exhibited acceptable process- 
ability in both melr blowing and spunbonding. 
The webs were characterized for fiber diameter, 
-rir permeability, filtration efficiency, tensile 
properties, and bursting strength. The melt 
blown PLA samples were comparable to con- 
ventional polypropylene webs in most proper- 
ties including average fiber diamerer. PLA webs 
had notably lower breaking elongation com- 
pared to typical PP w e bs. These lower than 
normal breaking elongations result in a very 
brittle structure. In cerms of fiber diameter 
spunbond PLA web compared well to conven- 
tional PP spun bonded web and was lower in 
tensile breaking load and bad much lower 
breaking elongation. This trend was che same 
as with melt blown PLA, making spunbonded 
webs very bricde: The shelf life of PLA is con- 
siderably less than PP and is affected to a sig- 
nificant. degree by high temperature and 
humidity 



Introduction 

With aseendy increase in grgwrh 0 f nonwovens in both com- 
mercial and domestic sectors* chetr cfoposabiiuy ; : taking a 
more important role than ever before. The fasc dedinc Ln land- 
fill avaakbtlity and growing concerns of tnarieratOL emissions, 
che nofrwovens industry as a whole is spending res resources on 
finding polymers and fibers which are biodegradable under 
eompostiog or land. filling conditions in a reasonably short peri- 
od of cime. Wich this in mind, research began ar 7za Jcs and 
Nonwovens Development Center (TANDEC) co develop non- 
woven fVorics from inherendy biodegradable polymers. The 
polymer chosen for this study, poly (iaccidc) is novel co eke area 
of nonwovens and. may hold, certain unique characteristics com- 
pared to conventional thermoplastic resins used trt melt blow- 
ing and spunbonding. 

Poly (facride) is a polymer produced by polymerising lactic 
acid based on a. patented process by Caxgill 1 and is inhcrendy 
biodegradable 2 . Figure 1 shows che schematic of Cargiil PLA 
process. Lacdc acid Is obtained through fermentation of dex- 
trose (a corn produce) by same bacteria as in yogurrA Lr^ac 
acid is optically active and is dimerized to produce a k Tide 
which is also optically active (Meso-iactide, D-lactidc, a^d L- 
iactide). The dimcr is then ring opened co produce j."A 
According to the oianu.racru.rcr, properties of PLA suci. is 
degradation races, strength, toughness, and crysrall/ntry can je 
varied by changing opdeal composition of the dime PLA 
appears to crystallize under spunbondine conditions z not 
much during melt blowing 3 . Since the glass cransreion l 'pcr- 
acure of PLA is -6Q°C die material displays good dimeu nil 
scability even ac low crystalline levels. PLA melts at 140- 1 'C 
(comparable to PP) depending on the grade of che resin r LA 
offers good resistance to solvents and has a shelf life of about 
one year. High temperatures and humidities such as chose p cl- 
ient in tropical ciimarcs are known co significantly reduce che 
shelf lire of PLA 3 . CargiiTs studies indlciu chat cherc is no sic/ 
niftcinc deterioration in che physical properties of PLA after 
seven times rcgnnd 8 , 

Objectives 

The primary objective of this research *^as co determine chc 
suicabiliry of PLA resin for rack blowing and spunbondi. pu 
poses. Addicionai objectives were ro decermine the procuring 
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performance during melt blowing and spunbo riding and to 
characterize ehc webs produced in cerrris of fiber diameters and 
physical properties. Boch melt blown and spunbond PLA webs 
were compared co norm J PP melt blown and spun bond webs 
. for fiber diameter and typical properties. 

Background 

Research in melt blowing of biodegradable resins daces back 
1988 w'nen L. C. Wad$worxh obtained polyhydroxyburyratc 
V r KB) - polyhydxoxyvulcrace (PHV) polyester resin ("BiopoH 
from 1CI Americas. ^Imington, DE. In 1991, PHB-PHV 
was successfully melt blown in 100% form, and also in. blends 
with polypropylene and linear- low-dcns icy polyethylene 4 . Fur- 
thermore melt blown substrates made of 1*00% PHB-PHV and 
blends were Lajninaced with carded cotton webs co produce 
thermally point bonded laminates chat were found co be 
"Lfihercndy biodegradable" 4 . During the same time period of 
the TANDEC study, a US Patent was assigned to Shell Od 
Company 5 for an invention relating to melt processing of 
blends of PP, PHB-PHV. and metal stcarates. Other ipecialty 
biodegradable polymers such as polyvinyl alcohol and cellulose 
acetate, have been melt blown at TANDEC 6 *nd promising 
results were obtained. It should be emphasized that, there is no 
oublishcd literature documenting cjiat melt blown and spun- 
bond fabrics have here-to-fore been produced with PLA. Ic is 
also interesting to note that PLA resin is comparable in cost, 
to regular PP resins. The University of Tennessee Research 
Corporation has applied for US and foreign patents embody- 
ing conceocs such 35 cotton-cote laminates with a range ot non- 



woven outer layers as invented by L- C WadsworA, fC L 
Duckett. and V Balasubramanian. 

Experimental 
Pressing - Meh Blowing 

The oolymer chosen for this study was PLA produced on a 
pilot scale by Cargill Inc. The PLA thermoplastic resin was pro- 
cessed on a 0,15 m (6 inch vide) pilot melt blowing Unc 
equipped with a single screw extruder (25-4 mm screw diame- 
ter, 36/I UD). The nosctip has 794 holcs/m (20 boleVinch). 
The air slot extends 0.0254m (1 inch) at e*ch end of the orifices 
for a total air slot width of 0.20 m (8 inch). The nosctip has an 
orifice diameter of 0-508 mm (0.020 inch) and UD tauo of 
1 5/1 . The air gap and nosctip setbackwere maintained constant 
at 2 54 and 1.63 mm (0.1 and 0.064 inch) respectively ror the 
entire duration of the study. Table I shows die processing con- 
ditions employed during melt blowing. Since PLA wm was 
factory supplied in air tight containers chete -as no need tor 
drying. If che resin had been supplied undricd on-mc drying 
must be done to a level of L00 ppm. The extruder hopper was 
covered and the resin was kept under a blanket of argon to pre- 
vent absorption of moisture. Sufficient quantities of webs wcrc^ 
produced to facilitate detailed characterization. The basLS 
Uight was maintained at 34 g/m* (1-0 oa/yd*). 

Processing - Spunhonding 

The PLA thermoplastic resin ^ processed on a 10 m {JJ 
iach wide) Reicofil spunhonding line equipped w,di a single 
screw extruder. The spunbonding die has rows of orifices 0.4 



Sample 
No. 



I 
2 

3 
4 

7 
3 



Orifice 

0-020/15/1 
0.020/15/1 
0.020/15/1 
0.O20/15/1 
0.020/) 5/1 

0-020/15/1 
0.020/15/1 
0.020/ 1 5/ j 



Melt Blown Process r 1 

Air Gap/ Poivmdf a- nS *r ^nch Piloc Line 

Die 
Temp. 

380 
395 
395 
395 
395 

m 

395 
395 



A)r Gap/ 
Setback; 

0.1/0.0(54 

0-1/0.064 

0.1/0.064 

O.i/0.064 

0.1/0.064 

0.1/0.064 

0.1/0.064 

0-1/0.064 



Polymer 

g/h/m 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 



Basis 
1.0 

/.o 

J.O 
1.0 
1.0 
1-0 
1.0 
1.0 



««a.ao w used in ^bonding or P^. * ^ ?r °^ S '^ 



Air 
Temp. 
U F 

446 
446 
446 
446 
446 
460 
460 
458 



Air Race, 






DCD, 


frVnwn/ift. 


in. 


15.0 


10 


15.0 


10 


13.6 


10 


18.6 


6 


IS.6 


14 


25.0 


10 


25.0 


1.4 


20.8 


10 
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and Discussion 

^P^gtfodproecmbHi-,^ „ j ° och P'occsses PLa 
««udcr and die Sw^ST*™* C ° ndicions - 71,5 
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TABLE III 

Procedures for Web Property Characterizacioa 



Property 

Air Permeability (France) 

Bursting Strength 

(Diaphragm type) 
■ Breaking Laid zrA 
! Elongation 
' Average Fiber Diamccer-MB 
j Average Fiber Diamcrer-SB 



Basis 

ASTM Srandard D737-75 

ASTM Standard D3736-87 

ASTM Standard D U 1 7-S0 
Scanning Electron Micrograoh 
Optical Microscope 



the spin line it was disturbed by hoc calender roils. The ?L\ 
resin had a tendency co become sticky and bard to peel or? che 
colli. Also the tower resin throughput rare was necessary because 
x bo^rdy web w obtained ax h igher chrou^hpur races. The cir- 
cu, mces point in che direction oHo^t^n^^^sir 1 ^ 
whereby ujiecysdUzcd fiber? in the web fuse together with 135 
fibers and other surrounding fibers resulting in a boardy web 
when passed between cite thermal calender "rolls. Given' more 
time and stress (ar lower riiroughpues che screw level on che fj- 
araencs will be higher for the £amejua^ 
appear co form asojfcjpunboncl^ 
^ increased cryngllgatipq, and hence ceduatA racking and fitting 
during thermal calendering. \ ^ 

Cberatterization ofV&bs 

Melt Blown- Poly [acridc (PLA) produced generally soft and 
uniform webs under che chosen processing conditions. The 
fiber diameter and mechanical properties for sample webs axe 
listed in Table TV. The average fiber diameter and r'cs variability 



ror PLA wcos w Crc ; n & c f4R?c of , 01 [Q ^ ^ ^ ^ ^ 
rcctcnc or variation (C.V) 0 f 27.3-56.2%. These values arc com- 
parable :o taose of ryp.cai PP mclc blown webs (rypicaJ melc 
blown pp .^b* have an avenge fiber diameter of 2-4 um and a 
C.V.% or noer diameter of 25-60%), although che high end is 
ou?j>c range of typical Filter quality MB PP w c b s . 

i ne Frater air permeability values for PLA webs were m the 
range of 90-271 #/ft*/riuri. These values are comparatively 
much htgner than conventional PP melt blown webs (typically 
50- 1 50 &tk-t mm for 34 g/m 2 w C bs). This was expected, since 
Che density of PLA is higher than PP che length of Sbens in a 
certain volume of che web, for the same basis weight is smaller 
in the ease of PLA web. Also the larger fiber diameter for some 
PLA webs would have resulted in higher air permeability values. 
The sodium chloride aerosol filtration efficiency values for MB 
PLA webs ranged from 37.3 to 6128%. These values arc similar 
to those of typical uncharged PP MB webs (25-65%). 

Table [V also lists the test results of mechanical properties 
such 05, bursting strength, machine direction (MD) breaking 
load, and peak breaking elongation. Cross direction (CD) ten- 
sile properties were not determined because the webs wc CC not 
We enough. PLA webs were stifFcr and the breaking load and 
peak elongation were in the range of 1 .00-4.77 lb/inch and 2.5- 
3.1% respectively. The breaking loads compare w C Jl wirh typi- 
cal PP webs, buc were more bricrie (rypicaJ I oz/yd 2 PP melc 
blown webs have breaking loads of 0.8-3.5 lb/inch and peak 
elongations of 10-30%). The nature of tensile break indicated 
chat PLA MB webs failed through fiber rupture. Further 
research cowards web optimmtion may help improve these low 
elongation values. Bursting strength values for webs from cither 
resin «erc comparable to chose of typical PP webs of similar 
basis weight Bursting strength values ranged from 7,6 co 10.6 



table rv 

Test Results of OrgiU PLA M^|lown* and Spunboad* Samples 
Melt Blown PLA 



Property 


Sample 
No. 1 


Sample 

No. 2 


Sample 
No. 3 


Sample 
No. 4 


Sample 
No. 5 


Sample 

No. 6 


Sample 
No. 7 


Sample 
No. 8 


Typical 
PP MB 
Webs 


Air Perm., 
tt 3 /rt 2 /rnin 


270.8 


246.54 


175.2$ - 


90.34 


227.06 


103,13 


136,94 


149.00 


50-150 


Burse. Sec, 
psi 


8.25 


9.25 


9.53 


7.58 


3.58 


S.75 


10.58 


10.00 


6-10 


Filtration EE. 

% 


38.35 


37.30 


43.18 


60,03 


47.73 


65.23 


59.03 


46.95 


25-60 


Pic Load, 
lb/in. (MD) 


2,10 


2.15 


2.30 


4.77 


1.00 


3.26 


1-50 


2.80 


0.8-3.5 


Pk Eiong., % 
(MD) 


3.10 


2.80 


3.70 


5.90 


2.50 


5.10 


3.00 


4.40 


10-30 


Av. Fiber D/a, 
um 


6.45 


6.41 


4.55 


5.54 


4.85 


5.01 


5.21 


4.03 


2-4 


CV.% Fiber 32.427.3 
Dia, 


33.6 


33.9 


37.1 


56.2 


50,2 


35.7 


25-40 


19-25 



Spunbond PLA 



Typical 
Sample PP SB 
No. 1 Wcb« 

351.8 300-500 



8,4 



20-30 



(MD/CD) 

6.6/7.4 100-300 
(MD/CD) 

16.85 15-35 

3-5 



* Ail MB nipt* I oz/yd^ (34 g/^) fa„„ t T hc SB szmpk w* 1.76 azJ^ tf0 pxrft. 
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p.ti. In comparison cypicaTtT melt blown webs have bursting 
strength values ringing from ypprox. 6 pst co 1 0 pst car 2 basis 
wcighc of I ox/yd 2 (34 g/m~). 

Spunbond. The fiber diameter and mechanical properties for 
ehe'spunbond PLA -^cb ire iisccd in Table IV The fibec diam- 
eter of PLA spunbond waj 16,85 (similar co a fine fibeTed PP 
spunbond) buc the C.V% of fiber diameter much higher. 
PLA spunbond had a coefficient of v^/iation of appcox. 20% 
compared ro 3-8% for a typical 35 MFR spunbond PP web. 
The molecular weight distribution of 35 MFR PP ts tailored co 
be ndrro«r which plays a very important role in affecting die 
fiber diameter distribution. 

Spunbond PLA gave an a i c perrrtcabiluy value of 352 
ftVft^/min. whjch is comparable ro ^ typical PP spunbond 
(300-500 ft^/rV/mm) of che same basis weight (in rhis case 60 
g/m-). The bursting strength of 5punbond PLA was 8.4 psi. 

i bursattg strength value is much tower compared ro char of 
a typical PP spunbond (20-30 psi), Tensile properties of PLA 
spunbond are much differenc chaci regular PP spunbond webs. 
The machine direction (MDJ breaking load w 1$ 3.33 lb/Inch 
for PLA, compared co 5-15 ib/mch for a typical PP spunbond. 
Breaking elongation value for PLA was 6.6%, which is extreme- 
ly lower than PP spunbond (100*300%). The cross direction 
breaking load and elongation followed the same crend as MD. 

Summary and Conclusions 

PLA resin wis successfully melr blown on the 6-inch mcir 
blown itneandspanbondon che l-meMrRcicorilspunbonding 
UncarTANDEC The melt blown and spunbond trials indicate 
a promising future for this novel and unique resin. The qualtcy 
of mclc blo«m and spunbond webs from PLA may be improved 
diraugh tailoring of resin and process optimization. The resin. 



used in this exploratory study b shaved satisfactorily from the 
process poincofview. but additional process and resin opcimrza.- 
rion studies could possibly lead :o che development of webs 
with even smaller fiber diameters and further improved 
mechanical properties. 
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